edema in the carrageenan test. Conclusion: These results clearly demonstrate the analgesic and anti-inflammatory activity of S. hortensis seeds and since the hydroalcoholic extract relieved pain in the first phase of the formalin test, it seems that at least part of its analgesic activity may be mediated centrally. The results of this study substantiated the traditional use of S. hortensis plant seeds in painful and inflammatory ailments.
analgesic and anti-inflammatory activities for extracts and essential oil of aerial parts of S. hortensis [2] . Since some of the active principles are accumulated in high concentration in the seeds and based on traditional uses of S. hortensis seeds in painful conditions including rheumatism [12] , this study aimed to investigate the possible pharmacological basis of these claims. We also characterized seed essential oil constituents by gaschromatography/mass spectrometry (GC/MS) analysis.
Materials and Methods

Plant Material and Preparation of Extracts and Essential Oil
Seeds of S. hortensis were collected from Isfahan, Iran, in September 2008 and confirmed by the Herbarium Department of the Iranian Research Institute of Forests and Rangelands, Isfahan. A reference specimen of the plant was deposited at the Department of Pharmacognosy, Isfahan University of Medical Sciences.
Essential Oil Preparation. Seeds were pulverized into a powder (1,500 g) which was then hydrodistilled in a Clevenger-type apparatus for 4 h, and the essential oil obtained was stored in a sealed vial at 4 ° C prior to analysis and experimentation.
Hydroalcoholic Extract Preparation. Powdered seeds were macerated in EtOH: H 2 O (7: 3) for 2 days. The extract was then shaken, filtered and freeze-dried. The yield (percent of extract weight to initial weight of seed powder) was 9.5% [13] .
Polyphenolic Fraction Preparation. Powdered seeds were first extracted with EtOH: H 2 O (9: 1) and filtered. The residue was then extracted with EtOH: H 2 O (1: 1). The combined extracts were evaporated to about one third of their original volume and finally extracted with chloroform in a separatory funnel. The resulting aqueous solution was freeze-dried and its yield (percent of extract weight to initial weight of seed powder) was 4.5% [13] .
GC/MS Analysis and Characterization of the Components of the Essential Oils
GC/MS (Hewlett-Packard, USA) was used for the identification of essential oil components. The analysis was performed using a Hewlett-Packard 5792A mass selective detector coupled with a Hewlett-Packard 6890 GC, equipped with an HP-5MS capillary column (30 m ! 0.25 mm; film thickness 0.25 m). The oven temperature was programmed from 60-280 ° C at 4 ° C/min. Helium was used as carrier gas at a flow rate of 2 ml/min. Injector and detector temperatures were 280 ° C. The MS operating parameters were as follows: ionization voltage, 70 eV; ion source temperature, 250 ° C; ionization current 750 A.
The identification of the oil constituents was based on computer matching against library spectra (Library Database Wiley 275L), their retention indices with reference to an n-alkane series in a temperature-programmed run, interpretation of their fragmentation pattern and comparison of the mass spectra with those reported in the literature [14, 15] .
Animals
Pain tests were carried out on male Swiss mice (25-35 g). Male Wistar rats (160-200 g) were used for the carrageenan test. The animals were housed in groups of 6 per standard cage, on a 12-hour light/dark cycle, and air temperature was maintained at 22 8 2 ° C with access to food and water ad libitum. They were acclimatized to laboratory conditions for at least 1 week before testing. Each experimental group consisted of 8 animals. All experiments were performed according to guidelines for the care of laboratory animals of Ethics Committee of Isfahan University of Medical Sciences.
Acetic Acid-Induced Writhing Test
This test, which is used to assess analgesic activity, was carried out according to the method described by Koster et al. [16] . Groups of mice (n = 8) were intraperitonally administered various doses (50-200 mg/kg) of hydroalcoholic or polyphenolic extract 30 min prior to an intraperitoneal injection of 1% acetic acid in a volume of 10 ml/kg. Essential oil was given orally by gavage 45 min before acetic acid injection. The control group received vehicle (10 ml/kg of 1% solution of Tween 80). Indomethacin (10 mg/kg, i.p.) was used as a reference analgesic and anti-inflammatory drug. Tween 80 was used to make a uniform suspension of the extracts or indomethacin and to emulsify the essential oil.
Formalin Test
This test, which is used to assess analgesic activity, was carried out on male Swiss mice (n = 8) according to the method described by Hunskaar and Hole [17] . Briefly, 30 min after the intraperitoneal injection of vehicle, reference drug (morphine, 10 mg/kg), the above-mentioned doses of the hydroalcoholic or polyphenolic extracts or 45 min following the oral administration of various doses of the essential oil, 20 dl of 2.5% formalin (v/v in 0.9% saline) was injected into the subplantar space of the right hind paw and the duration of paw licking was determined 0-5 min (first phase) and 20-30 min (second phase) following the injection of formalin.
Carrageenan-Induced Rat Paw Edema
Anti-inflammatory activity was evaluated in male Wistar rats using the carrageenan-induced paw edema test [18] . The animals were lightly anesthetized with ether, and acute inflammation was then induced by a subplantar injection (into the right hind paw) of 0.1 ml of a freshly prepared suspension of carrageenan (1% w/v) in isotonic saline. The left hind paw was injected with 0.1 ml saline and used as control. Paw volume was measured prior to and 4 h after carrageenan administration using a mercury plethysmorgraph (Ugo Basil, Italy).
Hydroalcoholic and polyphenolic extracts were injected intraperitoneally 30 min prior to the administration of the carrageenan. Essential oil was uniformly dispersed in saline containing Tween 80 (1% v/v) and administered by gavage 1 h prior to carrageenan injection. The control group received an equal volume of the vehicle. Indomethacin (10 mg/kg, i.p.) was used as positive analgesic control.
Statistical Analysis
Data were analyzed by SPSS (version 13) using one-way analysis of variance followed by the Duncan test. The results are expressed as mean 8 SEM and differences were considered significant at a level of p ! 0.05.
Results
Analysis of the Essential Oil
The yield of S. hortensis seed essential oil was 0.05% (v/w) and 10 compounds, comprising 98.7% of the seed oil were identified ( table 1 ): ␥ -terpinen (50.5%) and thymol (32.7%) were the two main constituents of the seed oil.
Pharmacological Study
In the acetic acid-induced writhing test, S. hortensis seed hydroalcoholic extract and polyphenolic extract at doses of 50, 100 and 200 mg/kg and S. hortensis essential oil, at doses of 100 and 200 l/kg, significantly (p ! 0.001) inhibited abdominal writhes. Indomethacin, a standard drug with analgesic and anti-inflammatory activity at a dose of 10 mg/kg, produced a 90% reduction of writhes ( table 2 ) .
In the acute phase of the formalin test ( table 3 ) , only the hydroalcoholic extract (50, 100 and 200 mg/kg) significantly (p ! 0.01) reduced paw licking time and this effect was not dose dependent at the doses tested. In the chronic phase of the formalin test, both extracts (hydroalcoholic extract and polyphenolic extract) and also the essential oil significantly inhibited formalin-induced licking behavior. Morphine, a standard analgesic drug, also produced a significant (p ! 0.001) reduction in paw licking time in both phases of the formalin test.
In carrageenan-induced paw edema, hydroalcoholic extract (100 and 200 mg/kg), polyphenolic extract (400 mg/kg) and essential oil (400 l/kg) all significantly (p ! 0.05) reduced inflammation (table 4). As expected, indomethacin (10 mg/kg, i.p.) also produced significant (p ! 0.001) inhibition of carrageenan-induced paw edema.
Discussion
Pharmacognosy
Analysis of the essential oil derived from S. hortensis seeds showed some diversity in the constituents due to biodiversity and ecological factors. Our sample contained ␥ -terpinen and thymol as major components whereas carvacrol (60%) and ␥ -terpinen (13%) were found to be the main constituents of essential oil of S. hortensis seeds in a previous study [19] . It has been reported that the composition of any plant essential oil is influenced by several factors including local, climatic, seasonal, harvesting, storage and experimental conditions [20] , and these factors may explain the differences between our results and the previous work.
Pharmacology
In the present study, S. hortensis extracts and seed essential oil showed analgesic activity in acetic acid-induced writhing and formalin tests. Acetic acid-induced abdominal pain is not a specific model, but because of its similarity to the signs of human visceral disorders it has been extensively used for the screening of analgesic drugs [21, 22] . In this test, many drugs including opioids, nonsteroidal anti-inflammatory drugs, antispasmodics, calcium channel blockers and antihistamines, show analgesic activity [22, 23] . 1 The retention indices are the retention time normalised to the retention times of adjacently eluting n-alkanes. * p < 0.001 compared with control group. HE = Hydroalcoholic extract; PE = polyphenolic extract; EO = essential oil.
In the formalin pain model, formalin induced a typical biphasic pain response [17] . High nociceptive scores were recorded during the first 5 min after subcutaneous formalin administration and this was followed by a reduction in scores for several minutes. A later licking response was also seen 20 min after formalin injection. Pain in the early phase is predominantly caused by the activation of C-fibers, while in the late phase, a combination of an inflammatory reaction in peripheral tissue and functional changes in the dorsal horn of the spinal cord are involved [24] .
In this study, only the hydroalcoholic extract of S. hortensis seeds reduced the pain response in both phases of the formalin test. The first phase is associated with acute pain and it has been reported that centrally acting analgesic drugs such as opioids are able to inhibit the pain response in this first phase of the formalin test [25, 26] . Since the hydroalcoholic extract of S. hortensis seeds could suppress this phase of the formalin test, it seems likely that at least a part of its analgesic activity is mediated centrally. The later (second) phase is inflammatory in origin [25, 26] and both extracts and the essential oil demonstrated considerable activity in this phase, suggesting the presence of material with anti-inflammatory activity in the seeds of the plant. Results of the carrageenan-induced paw edema test, which is a standard animal model for assessing anti-inflammatory activity, also confirmed the presence of anti-inflammatory activity in S. hortensis seeds.
The results of the present study indicating analgesic and anti-inflammatory effects of S. hortensis polyphenolic extract are consistent with our previous studies which demonstrated these effects for flavonoids and polyphenolic compounds of other plants [4, 6, 27, 28] .
It has previously been reported that flavonoids and polyphenolic compounds show several pharmacological effects, including antioxidant activity [29] , inhibition of histamine release from mast cells and inhibition of arachidonic acid metabolism [30] . On the other hand, car- rageenan induces a biphasic edema response. In the first phase (0-2.5 h), release of mediators, such as histamine, serotonin and kinins, is associated with increased vascular permeability and in the second phase production of prostaglandins and oxygen-derived free radicals is dominant [5, 31] . However, further investigations are required to find out which of the above mechanisms is involved in the anti-inflammatory effects of the polyphenolic extract observed in this work.
Taking into account the above results, it can be concluded that S. hortensis has significant anti-inflammatory and analgesic activities, and this study provides pharmacological evidence for its traditional use in painful and inflammatory conditions. However, further studies are needed to determine the possible mechanism of action of these fractions, and their potential for clinical use needs to be demonstrated in clinical trials.
